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Abstract 
The research examines the behaviour aspect of LUTI (land use transport integration) in relation with the public transport 
extension emerged in the area by the Mandurah Line in Perth Metropolitan Area. The question on the contribution of the station 
precincts along the Mandurah line to increase public transport patronage has been considered for more than seven years now. The 
LUTI is examined by considering mode choice, as well as incorporating property value capitalization and public transport 
accessibility enhancement post rail opening. By incorporating the behavioural aspect in the LUTI analysis, i.e. we are able to 
quantify the relationships between land-use modifications, accessibility, and mobility. This paper discusses on the first finding at 
the preliminary stage of analysis. The correlation between property value and increased accesssibility post public transport 
extension is weak. Simple regression analysis shown 5-7% contribution of accessibility on property value capitalization; 
however, capitalization mostly emerged due to spilover outside the Mandurah rail line catchment, implied unobservatory factors 
other than accessibility improvement have more influence on capitalization of property value. 
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1. Introduction 
1.1 Background 
Cities all over the world have experienced common problems in urban transportation. Climate change, traffic 
congestion, air pollution, and traffic accidents have been major issues of concern for the past decades. A transport 
led-future as pointed out by Banister (2008) has consisted of an increase in car dependence due to the increased 
decentralization of cities and local public transport, cycling and walking have become less attractive resulted in the 
greater use of car.  Mohan (2009) viewed a contradictory situation in recent urban transportation development - 
despite the extensive public transport investments that have been put in places, most big cities have not been able to 
reduce the car use to a very low level. Almost all cities face severe congestion on arterial roads which results in the 
car speed during peak hours reduced to only 10-15 km/h in big cities like Jakarta, London, Paris, and Tokyo 
(Mohan, 2009). Mohan presented the facts that the reduction of car use in those cities was only achieved when 
restricted parking was applied, and only happened in  a very small area (inner core) when the street is full of traffic. 
The main issue to be highlighted here is that there are contradictory situations when public transport investment and 
development is not followed by the significant gain of modal switch into public transport. Hence, the magnitude of 
development of public transport facilities is not necessarily in-line with the magnitude of public transport utilization 
increase.  
That increasing the facilities of public transport through extensive investment has not necessarily increased the 
dominance of the transport mode share of public transport is a challenge for the 21st Century goal of sustainable 
urban transport development. There is a need to provide an effective urban public transport development strategy 
that can match the demand for mobility and accessibility. 
Australia’s urban transport development has experienced similar challenges for the 21st Century goal of 
sustainable transport development. Generally in Australia, as cited in Lindsay, et al. ( 2011), although public 
transport is an important mode for work travel into the CBD in the peak hour, its share is only 10 percent out of the 
total metropolitan passenger task (in passenger kilometer/pkm). Currently, the utilization of private vehicles account 
for about 86 percent of the total passenger task in all Australian cities. Market shares of both modes have remained 
reasonably constant since the 1980s. Nevertheless for urban transport development in Australia there has been some 
improvement in terms of public transport supply, with an increase from 8.9 percent in 2005 to about 10.5 percent in 
2010 out of total pkm (Lindsay et al., 2011).   
In the state of Western Australia, a region renowned for its low density housing  and high dependence on the car 
(Curtis, 2012), the data shows a major challenge for the delivery of  sustainable urban transport. As cited in 
Australian Bureau Statistics (ABS), total kilometres travelled by motor vehicles in Western Australia (WA) 
increased by 23% in 2010 compared with 2004; far above Australia’s  figure which saw a 14% increase within the 
same period. Meanwhile, the number of registered vehicles in WA compared to that in Australia increased by 27% 
compared to that in Australia (19% between 2004-2010).  Set against this picture of increased car use, Perth 
continues to focus on  transport investment in public transport projects since the first revitalization of suburban rail 
in 1980s (Curtis, 2008) with the most recent project the opening of the Perth to Mandurah rail line in 2008.  
After the opening of Mandurah rail line, its impacts on sustainable urban transport should be examined. The 
examination will determine its success or failure of the transit system investment in public transport. Moreover, it 
will value the effectiveness of the integration between land use and transport development strategies. The integration 
of land use and transport development is acknowledged by many researchers as one factor important in achieving a 
more sustainable mobility pattern (Holden, 2007). Sustainable mobility has a focus on reducing the demand for car 
use by using alternative travel modes including increasing the use of public transport, and that requires a 
modification in people’s everyday travel behavior (Eriksson, Garvill et al. 2008).  One means of modifying travel 
behavior is to provide better integration of land uses with public transport thereby providing the possibility for 
households to switch from car travel to public transport. This requires a focus, too, on personal travel behavior 
change.  
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1.2 Research Focus 
Previous research mainly discussed on the spatial and physical aspect of LUTI rather than the behavioural aspect 
of LUTI. Although previous research also discussed the impact of spatial/physical characteristics of land use 
development, mainly  referred as 3D (density, diversity, design), nevertheless how these three factors impact on the 
behaviour changes has not yet defined clearly.  For example, Van Acker (2007) mentioned the mainstream of 
research in LUTI consisted of density, mixed use, and distance to urban centre impact on mode choice, travel 
distance, and energy consumption. Van Acker (2007) in his research found that accessibility has contributed to the 
reduction of travel distance and the number of trips per tour; however increase the average number of tour. Van 
Acker (2007) also mentioned if among research mainstream has found the positive relationship of density, and 
diversity on mode choice; and the negative relationship of these land use indicators on trip distance and trip rate. 
Nevertheless, Southworth (2001) argued among the huge number of research on LUTI, there still lack of scientific 
evidences from land use impact on generating vehicle mile travel and travel behaviour. This research attempts to fill 
this gap by reveal the LUTI relationship on behavioural aspect, and attempt to incorporated the backward 
mechanism of LUTI relationship by incorporating the concept of accessibility-property value-land use relationship 
into the discussion of travel behaviour examination before and after public transport extension. 
2. Findings 
The first stage of analysis is the preliminary analysis, conducted at the aggregate level. At this stage, we aims to 
compare the changes in property value, accessibility level, and land use by type of activity across all suburban in 
Perth Metropolitan Area before and after the Mandurah rail opening (was previously opened in December 2007).  
There are some mismatch in terms of unit of analysis, between suburban boundary and other geographical 
boundary known as activity centre. The activity centre used in Curtis and Scheurer, 2011 research and will further 
be applied in this research in regards with the examination of the accessibility level across all areas in Perth 
Metropolitan Area. Meanwhile, data utilised for property value is provided by REIWA (Real Estate Institute of 
Western Australia) and land use by the number and type of activity is provided by Department of Planning of 
Western Australia. The mismatch problem solved by determining each of activity centre that are not defined in the 
other data, to be included in one of suburban, in which each of activity centre is located to each of suburb. The re-
classification of data into suburb refers on SNAMUTS (Spatial Network Analysis for Multimodal Urban Transport 
Systems) database result in 67 suburbs as sample for Perth Metropolitan Region.  
First of all, the preliminary analysis examines the relation between property value, accessibility, and land use 
changes. Ryan (1999) pointed out that in order to understand the relationship between land use and transport; one 
should understand the relationship between transport network extension and travel time changes. Through this, one 
will have clear understanding on the direction and magnitude of the travel time changes and how much property 
value will be changes to adjust to these changes in travel time. Property value capitalization will impact on what 
type of land use to be developed in the area post public transport network extension, hence also will determine the 
type of activity and the travel demand generated from these activities.    
The relationship between public transport accessibility, land use, and property value capitalization will be 
examined. There are two sub-analysis to perform in this stage: 
x The description by statistics descriptive on property value, land use, and accessibility changes in Perth 
Metropolitan Region before and after Mandurah rail line opening.  
x The examination on relationship between property value, land use, and accessibility by regression model. 
 
2.1
 
Statistics Descriptive on property value, accessibility, and land use changes 
Description on the change in property value and accessibility will refer to three points of times before-and-after 
the Mandurah rail line opening. The rail line was opened in December 2007. The three points of time chosen as the 
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time frame consist of 2007 as before railway opened, 2008 as short period after the railway opened, and 2011 or 
2013 as medium term after the railway opened.  
The graph in Figure 3 presents the comparison in the magnitude of change in property value between Perth 
Metropolitan Area on average and all suburbs within the Mandurah rail line network. It is assumed that the changes 
in property value will be happened largely within the area where the accessibility changes mostly happened 
according to the theory. In other way, the larger the public accessibility improved post railway opening, the bigger 
the capitalization of property value will be in the area adjacent to the rail network. Since there are some suburbs that 
located directly in adjacent within the network of Mandurah line, it is assumed that these suburbs will gain direct 
effect from the network extension, hence will experience the largest changes in improved access, that assumed will 
impact on the biggest changes in property value capitalization.  
The number suburbs in Perth Metropolitan Region, after some re-classification and re-match process between 
two source of data (SNAMUTS and REIWA) consisted of 66 suburbs. There are 11 stations in line with 40 suburbs 
along the network of Mandurah rail line. In order to be in line with the aim of the analysis, the unit of analysis will 
be pointed to the activity centres as defined in the SNAMUTS database. There are 8 suburbs that have role as 
activity centres as defined in the SNAMUT database that are adjacent to the railway of Mandurah network. The 
comparison on the average value of property value and accessibility level is taken from 8 suburbs in Mandurah rail 
line network and all 66 suburbs in Perth Metropolitan Region.  
 
2.2
 
Comparison in property value 
Table 1 presents the data of price of property being sold in all area compared between PMR (Perth Metropolitan 
Region) and Mandurah before-after Mandurah opened. Statistics descriptive shows the value of residential property 
measured as average median price (in AUD$) and the rate of growth of these figures calculated to compare the 
percentage of growth before and after the Mandurah rail line opened. 
Table 1 Median Property value on average 
 2007 2008 2009 2010 2011 
Mandurah           503,393            560,813            537,823            537,250            500,813  
PMA           533,677            551,873            549,661            589,663            570,192  
 
 
There is inconsistent pattern of capitalization on property price. From 2007-2008 just after the opening of 
railway, there was high increase in the property value especially for the area located along the Mandurah network. 
The rate of growth in property value is 4.88% during this year for Mandurah compares to area PMR with drop the 
value at -0.24% rate on average. However, this trend has changed from year to year and there is inconsistent rate of 
growth in all areas, with similar pattern among all area. The price of property seems vastly increase in 2010, then 
again declined in 2011.  
 
Table 2 The annual percentage change in median property value on average 
 r per year (2007-
2013) 
r-before    (2007-2008) r per year after (2008-
2013) 
Mandurah 2.69% 4.88% 2.25% 
PMA 2.15% -0.24% 2.64% 
 
Examination on how significant the change is for each figure has shown on table 3. The table shown only PMR 
experience significance changes in median property value in medium term, while at immediate term post opening of 
the railway, the change in property value both in PMR and Mandurah is not significance.  
 
Table 3 Statistical test on significant of change in the median property value 
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Sig changes PMR MANDURAH 
2007 - 2008 NO NO 
2007 - 2011 YES NO 
2007 - 2013  YES NO 
 
2.3
 
Comparison in closeness centrality index 
Examination on the rate of growth in the accessibility level, measured with closeness centrality index clearly 
shows that the index for Mandurah line’s suburbs has dramatically increase after the opening of railway in 2008 
compare to 2007. The percentage of accessibility improvement in this area is more than 25%, compared to 18% in 
Perth Metropolitan Region on average. However, these trends declined in all areas post the opening railway in 
medium term (2007-2011) presumably due to reducing of network performance in the entire network in Perth 
Metropolitan.  
Closeness Centrality Index shows the minimum cumulative impediment needed from each node of activity 
centre to reach any other node on the network. The impediment measured by travel time divided by service 
frequency per segment. The declined in this measurement expected due to increase in travel time as compared to no 
or limited improvement in the service frequency per segment. From figure 4, there are consistency decline in the 
accessibility level since 2008, measured by closeness index; means that although travel time has vastly improved 
after the Mandurah rail line network compared to 2007 performance, there is no further additional of service 
frequency in all network after 2008, hence there is tendency of reducing in accessibility due to travel time increases 
from year to year as will be expected happened in all of the network.   
 
Table 4 the annual percentage change of closeness centrality index on average 
 
 r per year (2007-
2011) 
r-before         (2007-
2008) 
r per year after (2008-
2011) 
Mandurah -3.40% -25.40% 5.30% 
PMR -2.36% -18.19% 3.57% 
 
Examination on how significant the change is for each figure has shown on table 5. The table shown all area has 
experience significance changes in closeness index both in short and medium term post the Mandurah opened. As 
expected, the rate of change in Mandurah line is much higher compare to all other area in Perth Metropolitan. This 
also mean  some areas in Mandurah experience more benefits due to access improvement compare to other area in 
Perth Metropolitan since these areas, especially within outer suburbs in southern part of Perth, were lack in 
accessibility before Mandurah opened.  
 
Table 5 Statistical test on significant of change in the closeness index 
Sig changes PMR MANDURAH 
2007 - 2008 YES YES 
2007 - 2011 YES YES 
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2.4
 
Comparison in land use development 
Examination on the rate of growth in land use development is measured with the number of activity. This 
indicator has referred to Chatman, 2008 that used activity density as indicator for land use. However, there is lack of 
data from land use survey across Perth Region that was only available for 2008. Previous land use survey has done 
in 1997 which is become out of date to bring as one source of data. Other issue in regards with land use data relied 
on the unit of analysis that are broadly different with other data sources. Land use by number of activity measured in 
‘complexes’ unit of analysis, referred to the area of land that are used to organise the collection of data in the field 
and are divided into sites defined as Development Areas. These data can be tracked into Local Government Area 
(LGA), however reclassification LGAs into suburbs possibly creates bias. There are 125 LGAs in land use data that 
can only be tracked into 20 suburbs, leave other 46 suburbs in blank or missing value. The number of activity for 
these suburbs derived from estimation based on the average number of activity in Perth Metropolitan weighted by 
the number of population for each suburb. This has result in insignificant of land use data in analysis in relate with 
the inference of this data with other data in the analysis.  
In order to solve this issue, analyst used the number of dwelling that available from Australia’s census as proxy 
for the number of activity. This indicator is available for 2006 and 2011 census.  
 
Table 6 The number of activity (average and total) in PMR and Mandurah 2008 
Area Average Luse2008 Area Total Luse2008 
PMR          3,574  PMR          195,684  
Mandurah line          5,022  Mandurah line            40,179  
 
Table 7 The number of dwelling (average, total, and annual percentage change) in PMR and Mandurah 2006 and 2011 
Area Average 
dwell2006 
Average 
dwell2011 
Total 
dwelling 
dwell2006 dwell2011 % annual 
changes 
Dwell 
2006-2011 
PMR    
3,670  
   
4,279  
PMR        218,616     255,934  PMR  3.11% 
Mandurah     
3,946  
   
4,442  
Mandurah           23,628        26,452  Mandurah  2.40% 
 
Table 8 Statistical test on significant of change in the number of dwelling 
Sig changes 
(on dwelling number only) 
PMR MANDURAH 
2006 - 2011 YES YES 
 
The average of number of activity is higher in Mandurah area compare to average metropolitan Perth. The rate of 
changes before and after Mandurah opened only able to be examined from the number of dwelling between 2006 
and 2011. This value is higher for PMR than that of Mandurah, showed the implication of the Mandurah railway 
opened is less significant for Mandurah region. All statistical tests on the mean of the number of dwelling changes 
from 2006 to 2011 shows a significant result at 95% level of confidence.  
 
2.5
 
The examination on relationship between property value and accessibility by regression model 
At a first glance, the scatter graph shows there is a log relationship between property value and accessibility in 
each point of time in negative direction; no relationship between property value and land use or either between 
closeness index and land use; and a very weak linear relationship between dwelling number and property value or 
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between dwelling number and closeness index. These analysis taken after some of cleaning data process to eliminate 
outlier data, result in 7 suburbs in which its outlier value being replaced by an estimated value.  
The correlation value confirmed the scatter graph, in which the only significance correlation at 95% level of 
confidence only emerged on the relationship between property value and closeness index. The strength of 
correlation, however, regards as weak, ranges under 0.4 in magnitude, and at a correct direction, whereas the 
reduction in the level of accessibility (closeness index) will result in the decrease of property price (table 9).  
 
Table 9 Correlation value between two paired variable (bivariate correlation) 
 Property Value vs 
Closeness Index 
 Property value vs 
LUSE 
 LUSE vs Closeness 
Index 
2007 -0.35* 2008 -0.06 2008 0.04 
2008 -0.37* 2006/ 
2007 
-0.18 2006/ 
2007 
0.12 
2011 -0.39* 2011 -0.14 2011 0.07 
The simple bivariate linear regression model is then applied for each year data based on the relation between 
dependent and independent variable to find out causality relationship. Bivariate model instead of multiple regression 
model is used in order to eliminate all other influence variables and only focus on to the association between 
property value and accessibility index. The regression model aims to examine the relationship between property 
value and accessibility as part of the test of theoretical concept, that stated if the improvement of accessibility due to 
new public transport facility applied, will cause impact on improvement in property value. Dependent variable 
consisted of property value data, whereas closeness centrality index, a measurement of accessibility, is used as 
independent variable.   
Property value data is transformed into natural log (ln) before the examination of its relationship with closeness 
index by regressing its value on each observation of the closeness index. The result has shown the regression 
equation for each year of observation that consisted of:  
 
i.
 ܮ݊ሺ݌ݒʹͲͲ͹ሻ ൌ ͳ͵Ǥͺ െ ͲǤ͵͹ͻ݈ܿ݋ݏ݁݊݁ݏݏ݅݊݀݁ݔʹͲͲ͹ 
ii.
 ܮ݊ሺ݌ݒʹͲͲͺሻ ൌ ͳ͵Ǥͺ͸ െ ͲǤͶ͵݈ܿ݋ݏ݁݊݁ݏݏ݅݊݀݁ݔʹͲͲͺ 
iii.
 ܮ݊ሺ݌ݒʹͲͳͳሻ ൌ ͳ͵Ǥͺͷ െ ͲǤͶʹ݈ܿ݋ݏ݁݊݁ݏݏ݅݊݀݁ݔʹͲͳͳ 
 
The regression model shown that the negative association, related to the reduction in the closeness index will 
cause the drop or decrease in the property value. The percentage of reduction is much higher after the Mandurah 
opened, showed by the second and third equation. The reduction of one unit of closeness index has caused dropped 
in the property value at 43% and 42% of its price in 2008 and 2011 respectively; compared to drop at 37.9% in 2007 
or before the Mandurah opened. This also means the impact of railway opened that has improved accessibility, bring 
about the increase of property value at about 7% in 2008 compare to its value in 2007; and about 5.8% in 2011 from 
its value in 2007. There is a slight reduction of accessibility index from 2008 to 2011, caused the decreased of 
property value at about 0.43% in 2011 compare to its value in 2008. 
3. Discussion 
The analysis on statistics descriptive shows the changes in property value is only significant for Perth 
metropolitan and not for suburbs along Mandurah. This result tells an odd conclusion that differed from what has 
been expected from the theoretical concept. Most of researches previously shown that accessibility improvement 
bring from the public transport facility will significantly improve the property value. There were some exceptions in 
the previous researches’ finding that showed no significant changes in property value or even a reduction in property 
value, but only minor. For example, these had been discussed in: 
x Ryan (1999) pointed out there were more inconsistent result on the impact of accessibility on property 
value found from some researches that were used travel distance as indicator for impediment in 
measuring accessibility, rather than those research which used travel time as impediment indicator. 
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Ryan suggested to use the travel time as measurement indicator of travel impediment of measuring 
accessibility.  
x Du and Mulley (2007) showed there was no evidence of positive change in property value due to 
transit extension. However, they had only measure the short term impact of accessibility (September 
2002 to June 2003 or less than 1 year) whereas this period was too short to be able to show how the 
improved accessibility will feed through into house prices.  
x Kryvobokov and Wilhelmssen 2007 showed distance to bus stop was the least important variable 
compare to distance to CBD in influencing the property value and location choice.  
x Cervero and Kang 2011 showed the impact of accessibility on property value only significant for the 
area close to or adjacent with the transport facility. The significance increase of property value only 
shown within radius of 150 – 300 meter from the transport facility, with the magnitude of impact of 
capitalization ranges between 10% to 25%. .  
 
Regarding to Ryan (1999), the accessibility assessment in this research is measured by closeness centrality index 
whereas its impediment value has measured by travel time. Hence, there is no significant issue in relate with the 
choice of accessibility indicator that will contribute to the result. Meanwhile, in relate with Dargay’s point of view, 
this research has differentiate the examination of accessibility impact on property value both in short term (1 year) 
and medium term (5 years). There is indeed difference in the magnitude of impact of accessibility on property value. 
However, the one year impact has shown higher contribution of accessibility on property value (7%), as within the 
medium term (5 years) the accessibility level has reduce slightly from time to time due to reduction in network 
performance generally in Perth Metropolitan, hence only result in 5% influence of accessibility on property value.  
However, the ‘before’ examination based on 2007 figure, has shown, even before Mandurah opened, the 
closeness index has also played a role in property value capitalization, left the influence of Mandurah railway only a 
little part for property value capitalization for the whole Perth Metropolitan, and no significant impact for suburbs 
along the Mandurah railway itself in raising the property value. The result might lead to difference conclusion when 
the examination is conducted in even longer period after the public transport facility operated, for example more 
than 10 years. This has shown the significant of time impact in discussion of accessibility impact on property value, 
as pointed out  by Cushman, 1988, Greenberg, 1988, and Pill, 1988. In relate with Kryvobokov and Wilhelmssen, 
2007 and also Cervero and Kang, 2011, there is a need to measure the property value capitalization at micro scale 
and to capture the impact of accessibility at direct catchment area of the transport facility within a narrow radius. 
This paper conducts analysis at aggregate level since Mandurah railway has operated along 72 km from CBD to 
Southern part of Perth Metropolitan, that almost capture a half of length of Perth Metropolitan coastal region (about 
140 km length).  Analysis at aggregate level, hence, also required indicator that capture aggregate measurement, 
such as closeness index that applied at activity centre and median property value that applied at suburb level across 
all suburbs in Perth Metropolitan Region. Both indicators only applied at metropolitan or city level measurement 
hence the discussion on accessibility-property value relationship only relevant as metropolitan wide impact. At the 
insight of different impact and different research finding from macro-micro scale analysis; and also the time frame 
used to capture these impacts; it is apparent that the time frame and scale of analysis has become two intervening 
factors that will influence the extent of accessibility-property value relationship.  
In regards with this research, suburbs along Mandurah railway indicated has not experience property value up 
lift, yet, these areas experience highest jump of performance in accessibility level. This possibly happened in regards 
with some aspects: 
x Suburbs distributed along Mandurah mainly are underdeveloped area in terms of socio economic level 
compared to other areas in Perth Metropolitan. These areas has distributed along the Mandurah network to 
the southern part of Perth, which is known as the area with lack of accessibility and lack of development. 
The opening of Mandurah railway in these areas has proven to boost up the accessibility level, however, it 
did not enough to raise more intensive land use development and capitalization of property value even after 
some years (about 5 year post the railway opened).  
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x Accessibility indicator has weak correlation with property value. Regression model also shown rather a 
weak modelling in terms of model of fit based on R square value (although the t-test and F-test has shown 
all significant result). Although accessibility  indicator has play some role in property value capitalization 
generally for Perth Metropolitan assessment (about 5-7% regression weight), the small value of R square 
here is an indication that there are variables other than accessibility that seems to have more influence on 
the capitalization of property value. Du and Mulley 2007 pointed out that regional economic development 
has more important influence on property value capitalization than accessibility. Meanwhile, Watkins, 1999 
raised an issue about the sensitivity of users toward access improved that would determine the degree of 
capitalization of property that would be occurred.  
The most important point in the analysis of relation between property value and accessibility is the challenge to 
prove Ryan’s hypothesis (Ryan, 1999). Ryan pointed out that supposed the property value has increased due to 
accessibility, this only happened if there are a significant travel time changes due to improved access. The 
examination of this hypothesis is really significant and will answer the big question on how significant the public 
transport accessibility will influence behavior changes toward more sustainable mode of travel 
4. Conclussion 
The impact of public transport on travel behaviour has to be viewed in a system of land use-transport integration. 
Land use-transport relationship is complex; limited research focusing on the impact of public transport on the 
interrelations between land use-accessibility-property value-travel behavior. This research examines the changes 
brought about by transport facility on land-use transport relation, how much the change will influence travel 
behavior, and why there has been a change in travel behavior as a result. The first stage analysis at aggregate level 
showed relation between accessibility and property value is weak, and no significant relationship on land use. The 
finding also shows the scale of analysis and time factor both are important and has influence in examining the extent 
of impact from accessibility on property value. Furthermore, there is a need to examine the property value-
accessibility-land use-travel behavior at disaggregate level, whereas the capture of accessibility impact on property 
value is conducted at micro scale rather than city level. The examination on travel time change due to improved 
access also possibly to be analysis at household or individual level, in relation to the sensitivity of these groups on 
access improved that would determine the degree of capitalization of property and the propensity to switch mode 
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